Introduction
Lung cancer, which mainly consists of small-cell lung cancer (SCLC) and non-SCLC (NSCLC), is one of the most common malignancies worldwide, and is the leading cause of cancer deaths in the world. 1 NSCLC accounts for 75% of all lung cancers and includes two predominant subtypes -adenocarcinoma and squamous cell carcinoma (SCC) -which comprise 40% and 25% of NSCLCs, respectively. Despite advances in treatment, the prognosis of lung cancer patients is still poor, and the 5-year overall survival (OS) rate is only 15%. Lung adenocarcinomas with EGFR mutations or EML4-ALK fusions respond effectively to treatment by EGFR and ALK inhibition, respectively. [2] [3] [4] Unfortunately, these genetic events are rare, and are limited to adenocarcinomas of nonsmoking patients; however, most lung cancer cases are caused by smoking.
FGFR1 has been recognized as one of the promising molecular targets for the treatment of smoking-related lung cancer (SCC) providing a novel therapeutic target for these tumors. 5, 6 FGFR1 is overexpressed by 10%-20% of lung cancer patients, and is correlated with cigarette-smoking dosage and poor clinical outcomes in resected SCC.
7 FGFR1 gene amplification is often associated with FGFR overexpression, which leads to ligand-independent signaling. submit your manuscript | www.dovepress.com
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Xie et al Fluorescence in situ hybridization (FISH) is the standard method for characterizing gene amplification, although it does not have a standard definition of FGFR1 amplification. Differences in FGFR1 copy numbers have been characterized as normal, gain (low amplification), or amplification (high amplification) in some articles, while some studies have used two categories: negative and amplification. 8 Other studies have utilized fluorescence quantitative polymerase chain reaction (qPCR), because it is technically less complex, automated, quantitative, and independent of reader interpretation. 9, 10 The single-nucleotide polymorphism (SNP) array is a useful tool for studying slight variations between whole genomes. As cancer molecular biology progresses, agents targeting the FGFR1 pathway, such as inhibitors or monoclonal antibodies, have been introduced into clinical application. 11 Despite a number of individual studies performed in lung cancer patients, the prognostic value of FGFR1-amplification status in a lung cancer patient's survival remains controversial. Additionally, the clinicopathological features found in those studies varied. Therefore, we performed a systematic review of the literature and conducted a meta-analysis to obtain a more accurate evaluation of the prognostic value of FGFR1 and the clinicopathological features associated with NSCLC. The results of this meta-analysis will help us to design an individualized therapeutic schedule for each patient and to provide closer follow-up care for patients with FGFR1 amplification. Furthermore, based on our understanding of the effect and function of FGFR1 in NSCLC, patients who would potentially profit from FGFR1 inhibitors would be specifically selected for such treatment, which deserves further research for clinical applications.
Materials and methods
Identification and eligibility of relevant studies
The PubMed and ISI Web of Knowledge databases were searched for articles from 1994 to July 2015 relating to FGFR1 and lung cancer. The following Medical Subject Headings keywords and text were used: 1) lung or cancer or tumor or neoplasm or carcinoma; and 2) FGFR1. The references of articles and reviews were also manually searched for additional studies. Eligible studies included in this meta-analysis met the following criteria: 1) the full-text publication should clearly describe studies on the association between FGFR1 gene amplification and lung cancer patient prognosis (OS and/or disease-free survival [DFS]), or 2) directly provide the FGFR1-detection method and present the clinicopathological features of the lung patients. The exclusion criteria were 1) letters, reviews, conference abstracts, and case reports, and 2) overlapping articles, which were also excluded from this meta-analysis, and only the most recent or the most complete study was involved in the analysis, because of the limited data.
Data extraction
Data extraction was performed using a standardized dataextraction form, collecting information on the first author's name, publication year, median age, patient number, stage, histology, differentiation, detection method, cutoff value, smoking status, risk estimates or data used to calculate risk estimates, confidence intervals (CIs) or data used to calculate CIs, and the rate of FGFR1 amplification. From studies that reported hazard ratios (HRs) in both univariate and multivariate models, we extracted the latter, because these results were more convincing, as there had been adjustment for potential confounders. If only Kaplan-Meier graphs were published, the Kaplan-Meier curves were read by Engauge Digitizer version 4.1 (http://digitizer.sourceforge.net). Two investigators (QQZ and YG) reviewed each eligible study independently and extracted data from all the publications meeting the inclusion criteria. Controversial problems were arbitrated by the third investigator (FJX).
statistical analysis
Pooled estimates of the odds ratios (ORs) and their 95% CIs were used to estimate the association between FGFR1 amplification and the clinical parameters of lung cancer, including age, sex, smoking status, histologic type, differentiation, and lymph-node metastasis, as well as stage. Pooled estimates of HRs and their 95% CIs were used to estimate the association between FGFR1 amplification and lung cancer survival. The assumption of statistical heterogeneity among the studies was evaluated using the χ 2 -based Q-test. 12 When I 2 was no more than 50%, pooled ORs, relative risks, and 95% CIs were calculated using the Mantel-Haenszel method with fixed-effect models. 13 When significant heterogeneity (P,0.1, I 2 .50%) was detected among the studies, a random-effect model (using the DerSimonian and Laird method) was adopted. If necessary, a sensitivity analysis was also performed to evaluate the influence of individual studies on the final effect. The potential publication bias was assessed by Begg's funnel plot and Egger's test. 14 We used the trim-and-fill method to evaluate the influence of possible publication bias on the results. A P-value ,0.05 was considered significant. All the Figure 1 illustrates the process of evaluating articles for inclusion in the review and meta-analysis. Of the 458 abstracts identified, we excluded 416 abstracts and further reviewed 42 full-text articles to determine whether they met our inclusion and exclusion criteria. As a result, 18 eligible studies comprising 4,954 NSCLC cases were included in this meta-analysis. [7] [8] [9] [10] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] The main characteristics of the 18 eligible studies are shown in Table 1 . Most of the studies investigated FGFR1 amplification by FISH (eleven studies), three studies used qPCR, two articles detected FGFR1 using the SNP-array method, and two studies identified FGFR1 by silver ISH and dual-color ISH. Dutt et al 27 clearly summarized patient clinical pathological characteristics of FGFR1 amplification by the Affymetrix 250K SNP array in a previously reported data set. [29] [30] [31] [32] [33] Among the 17 studies, four studies (900 patients, 18.2%) were performed in Asian populations, and the remaining studies (4,054 patients, 81.8%) involved non-Asian patients. Table 2 presents the results of the meta-analysis in NSCLC patients. Overall, there was no association between age, lymph-node metastasis, differentiation, tumor size or stage, and FGFR1 amplification (P.0.05). The OR (95% CI) was 1.19 (0.51-2.75) for age ($60 years vs ,60 years), 1.20 (0.79-1.83) for lymph-node metastasis (yes vs no), and 0.40 (0.11-1.41) for differentiation (good vs moderate or poor). 
Results
search results and characteristics
FGFR1 amplification and clinicopathologic features
impact of FGFR1 amplification on overall survival in nsclc patients
The combined HR for 13 studies evaluating FGFR1 amplification on OS was 1.35 (95% CI 1.05-1.73), suggesting that FGFR1 amplification was an indicator of poor prognosis in NSCLC patients (Figure 2A) . However, significant heterogeneity was observed among the studies (I 2 =50.9%, P=0.018). In Figure 2B , one article is identified in the Galbraith plot as an outlier. 21 This study investigated "FGFR1 positive" status, and included whether the FGFR1 ISH expressed FGFR1 amplification or copy-number gain. 21 According to Kim et al, there is no significant difference in messenger RNAexpression levels between low FGFR1 gene amplification and disomy, 7 so the HRs of FGFR1 amplified vs nonamplified extracted data from the Kaplan-Meier curves were more suitable for further analyses. Indeed, the adjusted association of FGFR1 amplification and NSCLC patients' OS had lower heterogeneity (I 2 =3.8%, P=0.41) and predicted a worse prognosis (fixed-effect model, HR 1.30, 95% CI 1.13-1.50; P,0.001; Figure 2C ).
We also separately analyzed the studies that included the histological type of SCC patients only. After pooling the seven studies, the combined HR was 1.31 (95% CI 1.06-1.61, P,0.05), suggesting that FGFR1 amplification had a significant impact on SCC patients' OS ( Figure 3A) . When we limited the analysis to the studies using qPCR, the pooled HR was 1.04 (95% CI 0.75-1.44, P.0.05). When we included the study with the largest sample size (sample size .300), the combined HR was 1.27 (95% CI 1.01-1.60, P,0.05). For subgroup analyses based on ethnicity (Asian or non-Asian) and large study, both results suggested that FGFR1 amplification had a significant negative impact on survival ( Table 3 ).
The impact of FGFR1 amplification on disease-free survival in NSCLC patients
Four studies reported the relationship between FGFR1 amplification and DFS in NSCLC patients. Pooled data from all four studies showed that FGFR1 amplification was 
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FGFR1 gene amplification and NSCLC not significantly correlated with poor DFS, with a pooledestimate HR of 1.43 (95% CI 0.96-2.12, P=0.075) and significant heterogeneity in the data (I 2 =54.3%, P=0.087). The combined HR was 1.37 (95% CI 0.89-2.09) based on the four studies of SCC, which also demonstrated a nonsignificant association between FGFR1 amplification and SCC patients' DFS ( Figure 3B ).
Publication bias
We constructed funnel plots and performed Egger's tests to assess publication bias. As a result, we observed evidence for publication bias (P=0.044 for Begg's test) for OS in all NSCLC patients, and the funnel plot was not symmetrical ( Figure 2D ). This might be a limitation for our analysis, because studies with negative findings, especially those with Egger's publication showed obvious publication bias (P,0.05) for studies regarding FGFR1 amplification and OS in the meta-analysis; (E) adjusted funnel plot for publication bias. Abbreviations: NSCLC, non-small-cell lung cancer; SCC, squamous cell carcinoma; OS, overall survival; HR, hazard ratio; CI, confidence interval; SE, standard error; oshr, overall survival hazard ratio.
small sample sizes, were less likely to be published. By using the trim-and-fill method, we showed that if the publication bias were the only source of the funnel-plot asymmetry, we required three more studies to balance the funnel plot ( Figure 2E ). The adjusted risk estimate was attenuated, but the remaining HR was significant (1.22, 95% CI 1.06-1.40; P,0.05), indicating the stability of our results. However, no obvious publication bias was detected by either Begg's test (P=0.55) or Egger's test (P=0.91) for OS in SCC patients. For progression-free survival PFS survival, Egger's test indicated that there was no evidence of significant publication bias after assessing the funnel plot for the studies included in our meta-analysis (P=0.91 for Begg's test, Figure 3B ).
Discussion
In the present study, we collected all available, published articles and performed a meta-analysis to examine the association between FGFR1 amplification and clinicopathological characteristics. Eighteen studies were critically reviewed to clarify the controversial results from previous reports.
OncoTargets and Therapy 2016:9 submit your manuscript | www.dovepress.com
Dovepress
179
FGFR1 gene amplification and NSCLC As a member of the FGFR family, FGFR1 has been studied in many human tumors, and has been found to be amplified or overexpressed in clinical tumor samples from NSCLC patients, especially SCC patients. 27, 34 Accumulating evidence suggests that FGFR1 plays an essential and active role in tumor-cell proliferation, angiogenesis, migration, and survival, and increased FGFR1 amplification is currently recognized as the predictive biomarker for preselected patients with SCCs for entry into clinical trials of the FGFR-specific tyrosine-kinase inhibitors. 15 Our findings provide a clue as to how to select suitable patients with NSCLC for anti-FGFR therapy, and more suitable and cost-effective detection methods should be established.
In an article by Yang et al, FGFR1 amplification did not significantly influence the prognosis of SCC patients, even though the subgroup analysis found poor NSCLC prognoses among Asian patients. 35 The authors also found that although FGFR1 amplification was significantly more prevalent in SCC patients, it was not a prognosis marker in NSCLC patients. Compared with this previous meta-analysis, the present study is much larger, and includes over four times as many cancer cases as the earlier study. Our analysis also comprehensively reviewed clinicopathologic features. In addition, several subgroup analyses were conducted to identify potential sources of heterogeneity. Heterogeneity for the HRs in NSCLC was observed among the studies. This heterogeneity may be due to various factors, such as diversity in the population characteristics, differences in the detection methods, and differences in the cutoff levels to determine FGFR1.
There were also several limitations to our study. First, HRs calculated from data or extracted from survival curves might be less reliable than a direct analysis of variance. Second, a standardized reading-and-evaluation strategy and evaluation criteria for amplification must be established. Third, the sample size in PFS studies was not sufficient to detect a significant difference between FGFR1 amplification and PFS. Third, we only enrolled suitable English-language literature reports, potentially introducing bias due to the language criteria.
The present meta-analysis shows that FGFR1 amplification is significantly associated with sex, smoking, and histology. FGFR1 amplification patients had poorer OS, indicating that FGFR1 may be a marker for poor prognosis in NSCLC patients, and is a promising therapeutic target. Large, well-designed prospective studies are required to investigate the precise prognostic significance and clinicopathologic differences of FGFR1 amplification.
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